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CHAPTER 1 
INTRODUCTION
1.1 Overview 
Metabolism is the chemical engine that drives the living process. Through the 
utilization of a large repertoire of enzymatic reactions and transport processes, 
unicellular and multicellular organisms can process and convert thousands of organic 
compounds into the various biomolecules necessary to support their existence. The 
definition of a metabolic pathway lies in the basis of metabolic bioinformatics. In 
accordance with the Enzyme and Metabolic Pathways database (EMP) nomenclature 
(www.biobase.com/EMP), a metabolic pathway is a set of oriented reactions interacting 
under given physiological conditions via simple or apparently simple intermediates. This 
definition is based on the definitions of metabolic intermediates. The term 'pathway' 
refers to a sequence of related reactions that start with a given compound and terminate 
in intermediary metabolism, metabolic cycles, or when no further microbial catabolism 
is presently known. 
2An understanding of the structural design and capabilities of the cellular 
metabolic network clearly places the biochemical engineer in an advantageous position 
to manipulate the cell for various purposes. Like many areas of biological study today, 
the future of metabolic pathway analysis may depend greatly upon its ability to 
capitalize on the wealth of genetic and biochemical information that currently being 
generated from the fields of genomics, and similarly proteomics. 
This research focuses on developing metabolic pathway representation to model 
metabolic pathway knowledge based on metabolic information. The knowledge 
representation of metabolic pathway is then will be manipulated to predict and analyze 
metabolic reactions for target organism using metabolic pathway prediction techniques. 
The next section will discuss some background of problem and in Section 1.3, the 
problem statements. Section 1.4 will discuss the motivation of the research, that is, why 
metabolic pathway analysis is needed prior to prediction technique is presented.  The 
goal and objectives of the research will be presented in Section 1.5 and the scope of the 
research will be presented in Section 1.6. The thesis outline for the following chapters 
will close the chapter in the final section. 
1.2 Background of Problem 
 In the past, much of biological research has focused on data collection. The main 
reason for this is a much work needed to gather data and information. However biology 
is changing, especially because of the availability of large amounts of molecular data 
that is easily accessible via the Internet (Collado-Vides and Hofestadt, 2002 and Covert 
et al., 2001). Genome projects generate enormous amounts of information. The amount 
of sequence data is increasing exponentially over time (Figure 1.1), and this growth will 
likely continue for the next future. 
3Figure 1.1 :  The exponential growth of DNA sequences in GenBank from 1982 to 
2005. (Revised: March 7, 2006). 
The diversity and accumulation of biological data both on genomic and 
metabolic levels from different species (Figure 1.2) bring a new challenge for revealing 
what life really is. Extraordinary successes of the genome projects push the need for the 
development of more sophisticated and powerful computational techniques. 
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Figure 1.2: Known genes and their functional contribution in different species from
KEGG. (Revised: 8 May 2006) 
Moving from sequence to structure to function to application, bioinformatics
developments are occurring in genome modeling and annotation, comparative protein 
modeling and folding assignment, in silico drug design, and modeling of cellular 
processes as well (Goesmann et al., 2002). For example, metabolic pathways are used in 
two important steps in modern drug discovery process that are target identification
(Figure 1.3) and target validation (Figure 1.4) process. 
In Figure 1.3, the circle in metabolic pathway diagram (right panel) shows the 
particular area of metabolism that is affected in this particular disease model. Once 
identified, the targets, proteins or enzymes involved in creating the metabolic change 
can be deduced. While in this particular example of Figure 1.4, two different genes 
encoding candidate targets are eliminated in knockout mouse models. The tissue is then 
evaluated through metabolic profiling and compared with the disease. If the sample
shows a similar or identical metabolic fingerprint, as in the panel on the left, then the 
5target is validated metabolically. If it is not similar (right panel), then the target is 
predicted not a good candidate. 
Biological data functional analysis is a major topic beyond genome research. 
Computational metabolic analysis focuses on the computational interpretation of cellular 
phenomena that involve not only in nucleic acid and protein sequences, but also 
metabolic pathways. In this sense, systems analysis of metabolic network is becoming a 
promising field.
Figure 1.3:  Target Identification in modern drug discovery process 
6Figure 1.4: Target Validation in modern drug discovery process. 
The development of computer science makes it possible to represent the complex
metabolic network of physical and functional interactions, which take place in living 
cells, which enable us to manipulate, analyze and understand of how cells function. 
In order to understand the logic of cells, methods of systems modeling and 
simulation are needed to find the interrelationships among different molecules and 
reactions. A major current challenge in biology is to clarify the relationship between 
structure, function and regulation in complex cellular networks. Metabolic pathway 
analysis offers the possibility to discover and analyze meaningful routes in metabolic
networks. Fortunately the data and knowledge of genes, proteins and pathways are 
available, and various biology database systems are also accessible. 
71.3 Problem Statement 
 In the analysis of metabolic pathway, the basic questions are: 
Problem 1: Given a model of metabolism and a set of enzymes, is it possible to 
synthesize each of a defined set of compounds? 
Problem 2: Given a model of metabolism and a particular compound, what enzymes are 
necessary to synthesize that compound? 
Problem 3: Given an incomplete/incorrect model of metabolism, a set of enzymes, and a 
set of compounds that can be synthesized, discover missing/incorrect reactions. 
 Now, suppose a patient gets a diagnosis of metabolic disease (a disorder caused 
by malfunction of normal enzyme reactions), what is the metabolic mechanism of it? 
Most diseases are related to some kind of enzyme insufficiency and the malfunction of 
signal transduction pathways which regulate the expression of the genes that encode the 
desired enzymes. A good model of the metabolic reactions is appreciated to see the 
detail information about the essential proteins or enzymes and their regulations to the 
disease. With such a model, we might easily figure out the real causes, further 
development of the disorder, and possible alternative pathways to overcome the 
blockades.
 Based on literature review that has been done, there is a need for computational 
techniques which can precisely answer all of the questions above to make the tasks for 
biologists easier. There are a few questions that have to be described: 
1. How to represent all metabolic pathway knowledge into a conceptual form so 
that it can be easy to understand and formulate? 
2. How to infer the metabolic pathway representation so that it can predict 
metabolic pathways precisely? 
81.4 Motivation 
Although in the post-genomic era sequence analysis have been and still are the 
most common topics in the bioinformatics studies, bioinformaticists and biologists are 
now looking for computational methods and tools to predict functional details.This takes 
bioinformatics beyond its original boundaries. It is certainly not data acquisition for 
molecular biology, but it is about the application of computer techniques, such as data 
abstraction, data manipulation, modeling, simulation, and functional analysis. The data 
generated by the experimental scientists requires annotation and detailed analysis in 
order to turn it into knowledge that can then be applied to, for example, healthcare, 
agriculture, industry and environment, to improve health care via gene prediction, drug 
design, gene therapy, and much more. 
Today’s users and IT professionals have high expectations towards software 
applications which are motivation for an ontology-based approach: 
i. They want to access the content they need 
ii. This content must be accurate and free of redundancy 
iii. The application must be intuitive and easy to use 
iv. The application must be reusable and extendable 
v. The application must be implemented in a short and inexpensive way and 
within
vi. The current IT legacy environment 
91.5 Objectives of the Study 
The aim of this research is to develop an ontology-based metabolic pathway 
prediction using Problem Solving Method (PSM) approach. In order to achieve this aim, 
the following objectives must be fulfilled: 
1. To analyze and study metabolic pathways information and prediction. 
2. To construct an ontology to describe and conceptualize metabolic pathway 
information. 
3. To develop the metabolic pathway prediction algorithm using PSM approach.  
1.6 Scope of the Study 
 This research focuses on metabolic pathway prediction for Saccharomyces
cerevisiae (S.cerevisiae).  The data is already background-corrected and based on in
vitro experiments, and these problems are not the focus of this research.  Full dataset is 
needed for the experiment and no missing data is allowed.   
Metabolic pathway prediction problems are the core in this research where the 
goal is to develop metabolic pathway prediction techniques for predicting metabolic 
pathways existing in an organism.  Several prediction techniques have been studied.
Moreover, several software tools have been developed to assist reconstruction of 
pathways. For instance, PathoLogic (Paley and Karp, 2002) is used by Sophia et al.
(2003) and PathMiner by McShan et al. (2003). However, these approaches to predict 
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each gene function based on sequence similarity searches often fail to reconstruct 
cellular functions with all the necessary components. 
 The results are compared to other cited literature based on the classification 
performance from their research experiments.   
1.7 Thesis Outline 
This remainder of this thesis is subdivided into the following chapters:
Chapter 1, Introduction, provides a brief overview of research background, brief 
description of defined keywords, motivation and objective of this research. 
Chapter 2, Literature Review, reviews briefly the available literature dealing with the 
defined keywords, the contributions of other researchers in the areas and provides a 
description of issues and problem modeling.   
Chapter 3, Research Methodology, reviews and describes the research methodology, 
research design, operational framework that will be performed during the development.  
Chapter 4, Ontology-based Representation for Metabolic Pathway, describes the process 
of ontology modeling, ontology development, and implementation of metabolic pathway 
ontology.
Chapter 5, Metabolic Pathway Prediction Using Modified PathoLogic Algorithm, 
describes the prediction of metabolic pathway for target organism, Saccharomyces
cerevisiae using ontology and modified PathoLogic algorithm. 
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Chapter 6, Metabolic Pathway Prediction using Problem Solving Method (PSM), 
describes the prediction of metabolic pathway using PSM technique, Propose-and-
Revise.
Chapter 7, Conclusions and Future Work concludes the thesis by summarizing the 
project including the research contributions and provides suggestions for future research. 
